Ten wheat genotypes were tested in a randomized complete block design with three replications under two irrigated and rainfed conditions to identify drought tolerant genotypes. Indices of drought tolerance were calculated based on the potential (Yp) and under stress (Ys) yield. Analysis of variance of indices exhibited highly significant differences among the geometric mean productivity (GMP), mean productivity (MP) and stress tolerance index (STI) and non-significant differences between the stress susceptibility index (SSI) and stress tolerance (TOL) indices. This indicates the existence of genetic variation for the attributes studied and the possibility of selection for drought tolerance genotypes. The highest significant positive correlations were found among GMP, MP and STI indices and potential and under rainfed yield. The highest GMP, MP, and STI were related to the TV2 genotypes. Principal component analysis reduced five indices down to two components with 99.49% proportional cumulative variance. Correlation and principal component analysis indicated that the most suitable criteria for the identification of genotypes under irrigated and rainfed conditions were GMP, MP and STI indices. Three dimensional plots exhibited that TV2 was the best drought tolerance genotype. Results of biplot analysis also identified the same genotype as the highest yielding one in both conditions.
Introduction
Wheat is an important crop in Iran most of this crop is grown under varied rainfed and water stress conditions. Several selection criteria have been proposed for selecting genotypes based on their performance in stress and non-stress environments (Fischer & Maurere 1978; Rosielle & Hamblin 1981; Frnandez 1992) . Drought indices which provide a measure of drought based on loss of yield under drought conditions in comparison to normal conditions have been used for screening drought tolerant genotypes (Mitra, 2001 ). Rosielle and Hamblin (1981) defined stress tolerance (TOL) as the differences in yield between the stress (Ys) and non-stress environments (Yp) and mean productivity (MP) as the average yield of Ys and Yp. Fischer and Maurere (1978) proposed a stress susceptibility index (SSI). Fernandez (1992) defined geometric mean productivity (GMP) and stress tolerance index (STI). STI index can be used to identify genotypes that produce high yield under both stress and non-stress conditions. Sio se mardeh et al. (2006) used drought tolerant indices in wheat and found that under moderate stress, MP, GMP and STI were more effective in identifying high yielding cultivars in both drought-stressed and irrigated conditions, under severe stress, none of the indices used were able to identify group high yielding cultivars. Clarke et al. (1992) used SSI for evaluation of drought tolerance in wheat genotypes and found a year-to-year variation in SSI for genotypes and their ranking pattern. Guttieri et al. (2001) using SSI criterion suggested that SSI more than one indicating above-average susceptibility and SSI less than one indicated the below-average susceptibility to drought stress. Fernandez (1992) proposed STI index for identifying mungbean genotypes with high yield and stress tolerant potentials. The main objectives of this study were to identify the high yielding and drought tolerant genotypes and to introduce them for the cultivation in rainfed areas in Lorestan province of Iran.
Materials and Methods

Expremental Design and Plant Material
The experiment was conducted at Research farm of Lorestan Agricultural and Natural Resources Research Center, located at Khoramabad, Iran (5 km west of Khoramabad, Latitude 33°20', longitude 48°20', altitude 1200m) during growing seasons of 2010-2011. The experimental material consisted of 10 rainfed wheat genotypes (Table 1) were evaluated using a randomized complete block design with three replications each of them under irrigated and rainfed conditions. Each plot contained 4 rows with 20cm apart and 6m in length. This study consisted of two separate experiments and plants were evaluated for grain yield. 
Calculate Indices
Five selection indices of drought tolerance including stress susceptibility index (SSI), stress tolerance index (STI), tolerance (TOL), mean productivity (MP) and geometric mean productivity (GMP) were calculated based on the yield under two environments. Stress tolerance attributes were calculated by the following formula (Fischer & Maurer, 1978; Rosielle & Hambelen, 1981; Fernandez, 1992) .
Where SI is the stress intensity and calculated as:
Where Ys and Yp are the yields of genotypes evaluated under irrigation and rainfed conditions and Ys and Yp are the mean yields over all genotypes evaluated under stress and non-stress conditions. To display the genotype by trait two way data in biplot, a principal component analysis is necessary. The principal components the original data set, consisting of n measurements on p variables, are reduced to one consisting of n measurements on k principal components. The biplot display of principal component analysis was used to identify suitable stress tolerant indices, stress tolerant and high-yielding genotypes. Analysis of principal components often reveals relationships that were not previously suspected and thereby allows interpretations that would not ordinarily result (Johanson & Wichern, 1996) . Genotypes can be categorized into four groups based on their performance in stress and non stress environments: genotypes express uniform superiority in both stress and non stress environments (Group A), genotypes perform favorably only in non stress environments (Group B), genotype gives relatively higher yield only in stress environments (Group C), and genotypes perform poorly in both stress and non stress environments (Group D). The optimal selection criterion should distinguish Group A from the other three groups. Three-dimensional plots among Y S (x-axis), Yp (y-axis) and STI (z-axis) showed the interrelationships among these three variables to separate genotypes of Group A from other groups (Fernandez, 1992 
Statistical Analysis
Analysis of variance, correlation among traits, correlation among indices and grain yield in two environments, three-dimensional plots drawing, principal component analysis and biplot drawing were performed using SAS (SAS Institute 2002), SPSS (version 11.5) and Stat Graphic (version 2.1) software, respectively.
Results and Discussion
Analysis of Variance
Analysis of variance of grain yield under irrigation and rainfed conditions showed significant differences for grain yield performance and all the indices except SSI and TOL indices (Table 2 ). It indicated that genetic variation exists among genotypes. Mean comparison of grain yield and indices were carried out using Duncan ' s multiple rang test and showed in Table 3 . The genotypes Maroon, Ghahar and Irena in the irrigated condition and genotypes Symareh and TV2 in rainfed condition had the highest performance. The genotype symareh had less grain yield fluctuation and Sardari genotype had high grain yield fluctuation in two conditions. According to indices, the highest GMP, MP, STI were related to the genotype TV2. ns, *, and ** : Not significant, significant at 5% and 1% levels of probability, respectively Means followed by same letters in each column are not significantly at 5% levels of probability
Correlation Analysis
Correlation analysis among grain yield under two environments and drought tolerant indices were performed. GMP, MP and STI indices that were correlated with grain yield under two conditions (Table 4) ns, *, and ** : Not significant, significant at 5% and 1% levels of probability, respectively
Principal Component Analysis
In order to further investigation on relationship among genotypes and drought tolerance indices, principal component analysis were performed (Table 5 ) that was reduced five indices down two components. PCA revealed that the first component explained 73% of the variation with Yp, Ys, MP, GMP and STI. Thus, the first dimension can be named as the yield potential and drought tolerance. Considering the positive value of this PCA on biplot, selected genotypes will be high yielding under rainfed and irrigated conditions. The second PCA explained 26.49% of the total variation and had the positive correlation with Ys and TOL. Thus selection of genotypes that have high PCA1 and low PCA2 are suitable for rainfed and irrigated environments. Golabadi et al. (2006) and Farshadfar and sutka (2003) obtained similar results in F3 and F4 families of durum wheat, and in wheat substitution lines, respectively. Furthermore this result confirms results of investigation of Normand Moayyed et al. (2001) in wheat and Zabet et al. (2003) in mungbean. The relationship between the genotypes and drought tolerant indices can be plotted in same graph (the biplot). The biplot provides a useful tool for data analysis. The angles and directions between the attribute vectors illustrate the strength and the direction of correlation between any two attributes (Fernandez, 1992) . In the present study, significant positive correlations between STI, GMP and STI, MP and STI, Y S and STI, Y P were revealed in biplot (Figure 1 ). Drawing biplot using relationships among above indices indicated that the most suitable criteria for the identification of genotypes under irrigated and rainfed conditions were GMP, MP and STI indices. The results obtained from biplot graph confirmed correlation analysis. These results are in agreement with the findings of Fernandez (1992) , Farshadfar (2000) and Golabadi et al. (2006) . Considering the biplot genotypes with larger component_1 and lower component_2, scores gave high yields (stable genotypes), and genotypes with lower component_1 and larger component_2 scores had low yields (unstable genotypes). Therefore in this study TV2 and Symareh genotypes had stable grain yield, Azar2 and Sardari genotypes had unstable grain yield under irrigated and rainfed conditions (genotypes numbers: 10, 5 and 1, 2, respectively). Since the experiment was conducted in moderate temperature climates and considering Azar2 and Sardari genotypes are suitable for planting in the cold areas, so these genotypes had low grain yield. 
Three Dimensional Plots
In order to identify drought tolerant genotypes, three dimensional plots were drawn (Figure 2 and 3) . In three-dimensional plots the X-Y plane is divided into four groups and marked as group A to group D. These plots can be used effectively to distinguish the high-yielding genotypes under two environments, three-dimensional plots (Ys, Yp and STI, GMP) are presented to show the interrelationships among these three variables to separate the Genotypes of group A (high yielding genotypes in both rainfed and irrigated conditions) from the other groups (B, C and D), and to illustrate the advantage of STI and GMP indices as selection criterion for identifying high-yielding and stress tolerant genotypes. In three dimensional plots, Kohdasht and Symareh (No: 3, 5) were in C group. These two genotypes had high yield only in rainfed environment. The genotypes Zagros, Gahar, Maroon and Irena (No: 6, 7, 8, 9) were in B group and performed favorably only in non stress (irrigation) environment. Azar2, Sardari and Shahivandi (No: 1, 2, 4) were in D group that performed poorly in both environments. The genotype TV2 (No: 10) was included in the A group ( Fig. 2 and 3) , this genotype had stable grain yield in two environments. 
Conclusion
When breeder is looking for the genotype adapted for a wide range of environments, selection should be based on drought tolerant indices calculated from the grain yield under both conditions. In the present study, it was found that statistical methods including correlation between grain yield and indices, biplot analysis, were identified the same genotypes as tolerant. The three dimensional plot was followed the same pattern. So these statistical methods are useful for identifying drought tolerant wheat genotypes.The findings of this study, MP, GMP and STI are suggested for identifying drought tolerant genotypes and the genotype TV2 can be recommended for cultivation in rainfed areas of Lorestan province of Iran.
